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© This invention relates to the use of tocotrienol. gamma-tocotrienoi and delta-tocotrienol in reducing hyper- 
cholesterolemia, hyperlipidemia and thromboembolic disorders in mammals. The isolation of these tocotrienols 
from natural sources and their chemical synthesis is disclosed. The present invention also relates to prodrugs 
and pharmaceutical compositions of gamma-tocotrienol, delta-tocotrienol and tocotrienol and uses thereof. 
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Tocotrienol 

20 

These and other homologs of tocotrienols have been chemically synthesized. Experimental details are 
provided on a new tocotrienol synthesis which provides stereochemically pure materials. 

In the method of the present invention, the tocotrienols are administered in a safe and effective amount 
to lower the blood total and low density lipoprotein cholesterol levels. 
25 . These and other advantages and objects of the invention will be apparent to those skilled in the art. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 

The preferred tocotrienols in the present invention are tocotrienol, gamma-tocotrienol, and delta- 
tocotrienol, which tocotrienols have the following structures: 
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50 Tocotrienol 

The tocotrienols as used herein encompasses both the isomers and the racemic mixture. The preferred 
tocotrienols of the present invention are the natural d-isomer and the d j-racemic mixture, 
gg The richest sources of tocotrienols are cereals (such as barley, oats, rice, wheat and rye) and vegetable 
oils such as palm oil and rice bran oil which contain (540 ppm and 570 ppm of gamma-tocotrienol and 
delta-tocotrienol, respectively). gamma-Tocotrienol or delta-tocotrienol isolated from natural sources are the 
prefen-ed active components for use in the compositions and method. A natural source of tocotrienol has 
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hypocholesterolemic and hypolipidemic agents. The most important additional usage of these compounds 
are found to be as an antithrombotic agent, significantly decreasing platelet aggregation which could be 
important in controlling the development of atherosclerosis. 

The gamma-tocotrienol and delta-tocotrienol are present in natural foods (barley and rice) in small 

5 amounts and are generally regarded as safe for human subjects. The biological activity in tocotrlenols is 
associated with the unsaturated side chain (three double bonds) of three isoprenoid units attached to the 
chroman ring. Their counterparts, the tocopherols (vitamin E). have saturated isoprenoid side-chains and do 
not have any significant effect on lipid metabolism in animals. Moreover, the tocopherols are generally 
chloroplast components, whereas, the tocotrlenols are components of cereal seeds. The biological activities 

10 of the tocotrienols is in the order of gamma-tocotrienol « delta-tocotrienol = tocotrienol > alpha-tocotrienol. 

gamma-Tocotrienol has been chemically synthesized and the biological activities of the synthetic 
gamma-tocotrienol and that purified from natural sources are identical. 

15 Chemical synthesis of tocotrienols 



The synthesis of alpha-tocotrienol is outlined in Rgure 2. Aldehyde [1] was prepared from the; mixture 
of phenols previously described (Kato et al BulL Chem. Soc. Jpn. . 41: 1224-1228. (1968)). following 

20 protection with 2-methoxy-ethoxy-methyl chloride, ozonolysis and reductive workup. The addition of ethyl 2- 
(triphenylphosphoranylidene)propionate [2] (Kishi et al ., Tetrahedron . 37 ; 3873-3888, (1981)) to aldehyde 
[1] afforded a 10:1 mixture of E :Z enoates which could be separated by chromatography. The aluminum 
hydride reduction (Dilling et al TjrOrg. Chem. , 35 : 2971-2976. (1970)) of ester [3] to the allylic alcohol [4] 
and its conversion to allyTlc~chloride [5] proceeded smoothly (Corey et al Tet Lett. . 42 ; 4339-4342. 

25 (1972)). The coupling of chloride [5] with sulfone [6] (Qrieco et al J. Org. Chem. . 39 : 2135-2136. (1974)) 
provided tocotrienol derivative [7]. Reductive cleavage of [7] occurs with retention of olefin integrity to give 
[8], using super-hydride catalyzed by pa!ladium{0). Inomatu et al Chem. Letters . pp.1 177-1 180, (1986). 
Deprotection of the MEM-ether occurs cleanly using 2-chloro-1.3,2-dithioborolan (Williams et a! Tet Lett . 
p.3965. (1983)) to provide all trans alpha-tocotrienol of >95% purity (HPLC). 

30 The synthesis of gamma-tocotrienol is outlined in Figure 3. Synthesis of gamma-tocotrienol begins with 
the known aldehyde [9] (Corey et al . J. Am. Chem. Soc. , 92 : 6636-6637, (1970)) which is reacted with 
ethyl 2-(triphenylphosphoranylidene]propionate to provide the all trans ester contaminated by less than 3% 
of the cis ester (^H-NMR). After removal of the tetrahydropyranyloxy protecting group, the allylic alcohol 
{10] was condensed with 2,3-dimethyl-hydroquinone to give the oxidatively unstable alkylated hydroquinone 

35 [1 la]. The hydroquinone was immediately cyclized under the influence of catalytic p-toluenesulfonic acid to 
yield the benzopyranol [12a], which was directly protected as its methoxyethoxy methyl ether. The 
oxidatively stable ether [13a] was purified by chromatography on silica gel. Completion of the synthesis of 
gamma-tocotrienol from ester [13a] proceeds as described for alpha-tocotrienol from the analogous ester 
[3]- 

40 Synthesis of delta-tocotrienol could be readily adapted from Figure 3 starting with 2-methyl-1 .4- 
hydroquinone 4-monobenzoate (Stern et al J. Am. Chem. Soc. , 69 : 869, (1947)), electrophilic aromatic 
substitution in the monobenzoate being"directed into the 6 position. 

The fully ring demethylated tocotrienol was prepared in the same manner as gamma-tocotrienol shown 
in Figure 3. 

45 

EXPERIMENTAL 

50 The following examples are intended for illustrative purpose only and are not to be construed as limiting 

the invention in sphere or scope. 

All temperatures are understood to be in degrees in C when not specified. Nuclear magnetic resonance 

(NMR) spectral characteristics refer to chemical shifts (5) expressed in parts per million (ppm) with 

tetramethylsilane (TMS) as an internal standard. The relative area reported for the various shifts in the 
55 proton NMR spectral data corresponds to the number of hydrogen atoms of a particular functional type in 

the molecule. The nature of the shifts as to multiplicity is reported as broad singlets (br s). singlets (s). 

multiplet (m). doublet (d). doublet of doublets (d of d). triplet (t). or quartet (q). 
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Table 1 
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T5 
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Synthetic a-Tocotrienol Is Less Effective than a 

Mixture of TocotrienoTs as an Inhibitor of 
CholesterorBlosynthesis IrTRat Hepatocytes. 



Compound 


Cone. 


% Inhibition 


ICso 




ug/ml 




ug/ml 


d-a-tocopherol 


210^ 


0 




d,1-a-tocotrienol 


41^ 


. 4 






210 


17 




Tocotrienol 


138 


31 


600 


Mixture 


275 


38 




(natural 


550 


45 




source) 


1100 


60 






2200 


70 





a - For o-tocopherol and a-tocotrienol, 41 ug/ml equals approximately 
100 uM. and 210 ug/ml is approximately 500 uM. 
Data is given as per cent inhibition cholesterol 
synthesis vs. controls receiving vehicle. 
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EXAMPLE 3 



In order to examine whether the cholesterol synthesis inhibitory activity present in tocotrienol mixtures 
derived from natural sources (TRF) actually resided in compounds other than alpha-tocotrienol. we 
chromatographically separated the alpha-tocotrienol. gamma-tocotrienol, and delta-tocotrienol plus alpha- 
tocopherol from a natural source and examined these compounds in the rat and chicken hepatocytes 
cholesterol synthesis assay. The primary rat hepatocyte assay for cholesterol bio-synthesis inhibition was 
conducted as described in Example 2 except the preincubation was about 45 minutes and the 14C-acetate 
incorporation was about 30 minutes. The indicated compounds were purified from the same natural product 
source as the mixture used in Example 2. Data from two separate experiments are given in Table 2A. As 
presented in Table 2A. the results indicate that natural gamma-tocotrienol and delta-tocotrieno! are 
approximately equipotent and are each at least 5 times more active than alpha-tocotrienol in the rat and 
chicken hepatocyte system. Binary combinations of the components were also examined to test for possible 
additivity which might reveal activity in alpha tocotrienol. Two-component mixtures of the constituents 
separated from the tocotrienol mixture were tested under the conditions indentical to Table 2A. As Table 28 
shows, only the mixtures containing gamma-tocotrienol or delta-tocotrienol were significantly active, and 
alpha-tocotrienol did not increase the apparent activity of any other component. These data suggest that as 
an inhibitor of cholesterol biosynthesis in rat liver cells, alpha-tocotrienol is much less active than gamma- 
tocotrienol and delta-tocotrienol. 
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EXAMPLE 5 



5 HepG2 Cell Culture Model - HMG-CoA Reductase Suppression Assay 

HMG-CoA reductase suppression in HepG2 cells was conducted by growing cells in RPMT-1640 plus 
10% FBS on 100 mm plates, and when cells reached approximately 75% confluency, inducing with LDS (as 
described above) for about 16 hours prior to assays. Compounds were added using dimethylsulfoxide 

10 vehicle (0.5% v/v» final) and after about 4 hours of incubation at 37* . cells were harvested by scraping. Cell 
pellets were rinsed and lysed by sonication in 1.7 ml cold 50 mM imidazole-HCU pH 7.2. 50 mM NaCI, 10 
mM EDTA. 10 mM EGTA, 5 mM DTT, and 40uM leupeptin). Lysates were cenlriguged at 150 x g and the 
supernatant was centrifuged at 100,000 x g in a Beckman airfuge to isolate the post-nuclear total membrane 
fraction. The membranes were resuspended in 50 mM imldazole-HCI, pH 7.2, 250 mM NaCI. 5 mM DTT, 

15 and 20uM leupeptin and used for the assay of HMG-CoA reductase activity by the radiochemical procedure 
as described previously by Parker et al ., J. BioL Chem. . 264: 4877-4887. (1989). Values were nomnalized 
for protein content by the Lowry m'ethbd as cited previously (ibid). HMQ-CoA reductase percent suppres- 
sion was calculated as the decrease in specific activity of HMG-CoA reductase for treated cells vs. controls 
receiving vehicle. Averages of duplicate cell determinations assayed in duplicate were taken. 

20 

EXAMPLE 6 



25 

HepG2 Cell Culture Model - Comparison of alpha-tocotrienol. gamma-tocotrienol and delta-tocotrienol as 
Inhibitorsof Cholesterol Synthesis and Suppressors of HMG"^A Reductase. 



The human hepatoma HepG2 cell culture model was employed to compare the intrinsic activities of the 

30 tocotrienols. HepG2 cells were incubated with the indicated compounds for about 4 hours at 10 uM, 
Cholestrol synthesis was assayed by UC-acetate incorporation and HMG-CoA reductase suppression was 
assayed In the Isolated microsomal fraction. Cholesterol synthesis inhibition was assayed by 14C-acetate 
incorporation after preincubation of HepG2 cells with the compounds for about 2 hours or about 4 hours 
(Example IV). Additional time course studies (not shown) indicated that about 4 hours preincubations were 

35 nearly optimal for both compounds. These data show that the HepG2 cell model is more sensitive to the 
inhibitory effects of tocotrienols as cholesterol biosynthesis suppressors than are rat hepatocytes. As the 
data in Rgure 1 indicate, gamma-tocotrienol has an even greater relative potency compared to alpha- 
tocotrienol in the HepG2 cell model than in rat hepatocytes. The ICSOs from these studies are given in 
Table 3, in which it can be seen that the intrinsic potency of gamma-tocotrienol is over 30-fold greater than 

40 that of alpha-tocotrienol. 

The mechanism of cholesterol synthesis inhibition by tocotrienols involves down regulation of the 
limiting enzyme of sterol synthesis. HMG-CoA reductase. In the HepG2 cell culture model, measurements 
of suppression of total HMG-CoA reductase activity showed that gamma-tocotrienol and delta-tocotrienol 
were significantly more active than alpha-tocotrienol in supressing HMG-CoA reductase. These data are 

45 provided in Table 4. The suppression of HMG-CoA reductase protein expression by gamma-tocotrienol and 
delta-tocotrienol in HepG2 cells and in rat liver has been confirmed by immunoassy using the Western blot 
technique (data not shown). 

In summary, using in vitro models which reveal the intrinsic pharmacological activity of the tocotrienols 
(rat hepatocytes and HepG2"celI culture) we discovered that tocotrienols lacking the 5-methyl substituent 

50 present in alpha-tocotrienol possess significantly greater cholesterol synthesis suppressive activity as 
demonstrated in vitro . Furthermore, the racemic synthetic tocotrienols exhibit comparable biological activity 
to the natural tocotrienols in the cholesterol supression assays (Table 4). 
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Table 5 





Effects of gamma-Tocotrienol and de!ta-Tocotrienols on Lipid Metabolism In e-Week Old Male Chichens 


5 




Com Control 


CCD + 20 ppm 


CCD + 20 ppm 






Diet (CCD) 


d-7-Tocotrienol [% of 


d-5-Tocotrienol [% of 








Control] 


Control] 




HMG-CoA Reductase Specific Acticity 


1086.9(1114.0) 


494.2(i22.9)[45.5] 


550.2(i33.8)[50.6] 


10 


Semm Cholesterol mg/dl 


1 97.0(15.2) 


150.5(t4.2)[7e,4] 


140.9(13.1)171.5] 


HDL-Cholesterol mg/d! 


107.4(17,0) 


102.3(14.5)[95,3] 


98.7(i8.4)[91.9] 




LDL-Cholesterol mg/dl 


76.0(15.3) 


43.1(18.3)[56.7] 


40.8(l6.6)[53.7] 




HDIADL 


1.413 


1.669 


2.419 




Serum Triglycerides mg/dl 


115.2(113) 


95.4(i5,9)[82.8] 


88.7(i7.3)[77.0] 



15 



Similarly, synthetic gamma-tocotrienol was administered to male chicks at 50 ppm using the same 
protocol except HMG-CoA reductase levels were not determined. The data for this study is shown in Table 
6. 

20 

Table 6 



Effects of d.1-7-Tocotrienol on Lipid Metabolism in 6-Week Old Male 

Chickens. 




Corn Control 
Diet (CCD) 


CCD + 20 ppm 
d.1-7-Tocotrienol [% of 




Control] 


Serum Cholesterol mg/dl 
HDL-Cholesterol mg/dl 
LDL-Cholesterol mg/dl 
HDULDL 

Serum Triglycerides mg/dl 


158.8(19.0) 
102.3(13.0) 
52.8 (11.1) 
1.938 
63.4(12.1) 


121.2(i2.2)t76.3] 
89,0(i2.9)[87.0] 
28,9(1 1.2)[54.8] 
3.080 

63.9(11 ,6)[1 00.7] 



The drug treated birds exhibited significant, reductions in hepatic HMG-CoA reductase, total serum 
cholesterol and serum triglyceride levels over control diet fed chickens. In addition, the drug treated birds 
showed significant enhancements in their HDL/LDL cholesterol as a measure of atherogenic index. 

40 Genetically hypercholesterolemic swine (3 per group) were fed for four weeks on either a standard 
corn-soybean-based control diet or an experimental diet. The experimental diet consisted of the standard 
mix containing either gamma-tocotrienol or delta-tocotrienol at 75 ppm. The same protocol used for the 
chicken study was used for the swine group, except HMG-CoA reductase levels were not detemnined in this 
case. Again, the drug treated animals exhibited marked reductions in serum cholesterol and triglyceride 

45 levels. The HDL^DL atherogenic index as before improved dramatically with drug treatment (Table 7). 
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upward trend of +9% as compared to baseline values. 

Table 8 



5 


Effects of TRF on Serum Lipids Concentration in Hypercholesterolemic Humans* 




Nutritional State 


Concentration in Serum (mg/100 ml) 


10 




Baseline Value 1st 
Two Weeks 0 - Time 


Feeding Period 






14 days 


28 days 






Total Cholesterol 




Placebo (com oil capsules) 


290 ± 30" - 


286 ± 27* - 


296i31»- 


15 


TRF 

Capsules 


294 ±34^1 00)2 


257 ±34^ (91) 


249 ± 27 
235 t 13** (80)3 






LDL-Choleserol 


20 


Placetjo (com oil capsules) 


245 t 27* - 


246 ± 25* - 


241 ± 29* - 


TRF 

Capsules 


248 i28« (100)2 


237 ± 30* (96) 


229 ± 33 
180 ±20*^(72)3 






Apolipoprotein B 


25 


Placebo (corn oH capsules) 


180i: 16*- 


184 ± 15* - 


182 ±15*" 




TRF 

Capsules 


171 £ 14^(100)2 


160 ±15* (93) 


154 ± 14 
143 ±11*^(82)3 






HDL-Cholesterol 


30 


Placebo (corn oil capsules) 
TRF Capsules 


48 ± 8* - 
47 ±8* (100)2 


47 ± 9* - 
50 ±5* (107) 


49 ± 7' - 
51 ± 9^ (109) 






Apolipoprotein Ai 


35 


Placebo (corn oil capsules) 
TRF Capsules 


35t 1*- 
35 ±2* (100)2 


35 ± 2* " 
35 ±1^101) 


36 t 1*" 
35± 1M100) 



1 - Time of drawing the blood was 0800. The subjects were fasted for 12 hours prior to taking 
the samples. 

2 - Percentages of increases or decreases in respect to baseline value. 

40 3 - Values of three poor responders were not included in statistical calculations, greater than 



two standard deviations from the mean. 

a-b - Values not sharing a common superscript are different p < 0.05. 
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Table 11 





Effects of TRF on Platelet Aggregation Using Platelet-Bich Plasma (PRP) or 


5 


Whole Blood (WB) in Hypercholesterolemic Humans' 




Nutritional State 


Percentage of Aggregation 






Baseline Value 1st 
Two Weeks 0 - Time 


Palm Vitee Feeding Period 


10 






1 4 days 


28 days 




Adenosine 
diphosphate (ADP, 
PRP) 








15 


5.0 fiM 
20.0 UlVI 


80 ± 7« (100)2 
72 ± 7^ (100)2 


79 ± 6^ (98) 
6619^(91) 


74 1 6^ (92) 
60 ± 4^ (83) 




Epinephrine (EPI, 
PRP) 








20 


5.0 
20.0 UM 


77 ±8^ (100)2 
75 t 7^ (100)2 


73 ± 7^ (95) 
7017^(91) 


71 ± 7^ (92) 
64 1 7^ (86) 




Collagen (PRP) 








25 


4.0 uM 
10.0 uM 


82±9« (100)2 
79 1 10= (100)2 


72 1 9^ (88) 
651 11^(83) 


66 1 7^ (82) 
56 1 11** (72) 




Collagen (WB) 










4,0 uM 
10.0 uM 


51 ±10^ (100)2 
28 ±9^ (100)2 


39± 10^ (76) 
21 i 7^ (75) 


34 1 7^ (67) 
18 ±5^ (63) 



1 - Time of drawing the blood was 0800. The subjects were fasted for 12 hours prior to 
taking the samples. 

2 - Percentages of increases or decreases in respect to baseline value. 

3 - Values of three poor responders were not included in statistical 
calculations, greater than two standard deviations from the mean, 
a-b - Values not sharing a common superscript are different p < 0.05. 



In the cross-over study, the dietary supplementation of corn oil capsules to the subjects which were 
40 previously fed "Palm Vitee" showed continued lower serum cholesterol levels even after 2-6 weeks of 
supplementation of com oil capsules. (Table 12). These results indicate that tocotrienols may be stored in 
the lipids (adipose tissue or (iver) and are releaed slowly into the bloodstream which might explain the 
continuous decrease in serum cholesterol level. 
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When the com oil placebo group now on "Palm Vltee" capsules for several weeks also showed a drop 
in serum cholesterol levels and other parameters as shown in Table 12. 

Hypercholesterolemic human subjects (serum cholesterol levels 302.5 mg/dl) on pure gamma- 
tocotrienol capsules (50 mg/capsule) showed a dramatic decrease in their serum cholesterol levels of 35% 
after 4 weeks of feeding. This indicates that gamma-tocotrienol may be the most potent cholesterol inhibitor 
in Palm Vitee capsules. 
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EXAMPLE 10 



Comparison of In Vivo Effectiveness of Nicotinate. Acetate, and Free Phenol Forms of d,l-7 Tocotrienol In the 
^^^^ RaFHMGCoA Reductase^Suppression Model. . 



Using an acute* rate model for suppression of hepatic HMGCoA reductase, the effectiveness of three 
forms of dj-y-tocotrienol were compared In vivo . In this assay system, the test agents were administered 
by intragastric intubation as solutions dissolved" in olive oil vehicle. Four hours after administration of test 
agents, rat liver HMGCoA reductase total activity levels were determined by standard techniques in this 
laboratory. The assay methodology for determination of total HMGCoA reductase activity, and the dem- 
onstration that total reductase activity is proportional to enzyme protein mass, have been previously 
reported (R.A. Parker, et al 1989. J. Biol. Chem.. 264:. 7877-7887; and in the initial patent application). 



20 



25 



Table 13 



30 



35 



40 



Hepatic HMGCoA Reductase Activity 


Condition* 


N 


mU/mg 


% of 






(mean ± 


Control 






SEM) 




Vehicle Control 


5 


479 t 88 


100 


Compound of Ex. 24 


5 


266 ± 24 


56 


Compound of Ex. 33 


4 


236 ± 23 


49 


Compound of Ex. 34 


5 


156 ±21 


33 



a - All doses were given in olive oil vehicle, and are equivalent to 80 mg/kg 
Example 24 (195 umol/kg); viz., 88 mg.1<g for Example 33 and 100 mg/kg 
for Example 34. 
b - P < 0.05 vs. control. 

c - P < 0.01 vs. control, and P < 0.05 vs. Example 
24. 
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Example 1 1 



65 



3.4-dihydro-6-[(2-methoxyethoxy)methoxy>2,5.7,8-tetramethyl-2H-1 -benzQpyran-2-propanai, [1 ] 

A mixture (about 60:40) of 2,5.7,8-tetramethyl-2-(4-methyl-3-pentenyi)-2H -1-benzopyran-6-ol and its 
cyclized isomer (42.5g, 0.148mole) dissolved in about 50ml of dry THF was added dropwise to a cooled 
(5*) oil-free suspension of sodium hydride [6.5g (60%). 0.162mole) in about 200ml of dry THF. 2- 
Methoxyelhoxymethyl chloride (18.52ml. 0.162mole) was added dropwise to the mixture, initiating hydrogen 
release. After hydrogen evolution ceased, the solution was warmed to about 23* and stirred an additional 
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decomposition): 

IR (film) 3480, 2940, 1465. 1260. 990 cm'^ 

NMR {CDCI3) S 1.24 (s. 3H). 1.25-1.85 (m, 4H), 1.65 (s, 3H). 2.06 (s, 3H). 2.07-2.19 (m. 2H). 2.12 (s. 3H). 
2.16 (s, 3H). 2.56 (t J = 5.6 Hz. 2H), 3.38 (s, 3H). 3.59 (m, 2H), 3.94 (m. 4H), 4.92 (s, 2H), 5.40 (t. J = 5.02 
5 Hz. 1H);MSm/e392(M + ). 
Anal. Calcd. for C23H36O5: 
C, 70.38; H. 9.25 
Found: C. 70,21: H. 9.30 

10 

EXAMPLE 14 



15 3.4-dihydro-6^(2-methoxyethoxy)methoxy>2,5.7.8-tetramethyl-2-[6-[(4-methylphenyl)sulfonyl]4^ 
trimethyltrideca-3-(E)7(E).1 1-trienyl]-2H-1-benzopyran. [7] 

Oimethylsulfide (0.59ml, 7.98mmo!e) was added dropwise to a solution of N-chlorosuccinimide (977mg, 
7.32mmole) in about 25 ml of dry CH2CI2 cooled to -5*. The white suspension was stirred for about 0.25 

20 hours while the alcohol [4] (2.609g. 6.66mmole) was added as a CH2CI2 solution 5(ml). The clear solution 
was stin-ed for about 1.5 hours at about -5* at which time TLC (2:1 Hex.: EX2O) indicated complete 
conversion to a less polar spot The CH2CI2 was removed In vacuo (<40*) leaving an oily solid. The 
material was triturated with hexanes, filtered, and concentrated in vacuo (<40*) to a pale yellow oil. The oil 
was immediately flushed through a pad of silica gel (gradient 8:1 to 4:1 Hex.: Et20) to give the unstable 

25 chloride [5] as a pale yellow oil (2.44g, 5.95mmoIe, 89%). The chloride could be stored for a short period at 
-20* under nitrogen prior to use in the coupling step. 

3.7-dimethyl-1-p-toIuenesulfonyl-2-(E)-6-octadiene [(Gosseiin et al ., Synthesis , pp.876-881. (1984)). 
(2.086g, 7.14 mmole)] was dissolved in about 15 ml of a dry THF/HMPA; 4:1 mixture. The solution was 
cooled to about -78* under nitrogen and butyllithium [2.98ml(2.5M hexanes), 7.44mmole] was added 

30 dropwise giving a rise to a red-orange anion. After stirring for about 2 hours at about -78 . chloride [5] 
(2.44g, 5.95mmole) was added dropwise as a THF solution (3ml) to the anion and stirring was continued at 
about -78* for about 4 hburs. The mixture was quenched at about -78* with pH 7.0 buffer solution, poured 
into water and extracted Into ether. The organic layers were dried (brine, MgS04) and concentrated in 
vacuo to give a yellow oil which was purified by flash chromatography (gradient 8:1 to 4:1 Hexanes: EtjO) 

35 to yield the sulfone [7] (3.722g, 5.59mmole, 94%) as pale yellow oil: 
IR (film) 2950. 1460. 1150, 980 cm'^ 

'H NMR (CDCI3) 5 1.16 (d. 3H). 1.18 (s, 3H), 1.47. 1.48 (s. 3H) 1.4-1.5 (m. 4H). 1.56 (s. 3H). 1.66 (s. 3H). 
1.75 (m. 2H). 1.89 (m. 4H), 2.03 (s, 3H), 2.10 (s. 3H), 2.14 (s. 3H). 2.21 (I J = 9.98 Hz. 1H). 2.41 (s. 3H). 2.53 
(t. J = 5.68 Hz, 2H), 2.82 (d. J = 10.51 Hz, 1H), 3.38 (s. 3H), 3.58 (m. 2H), 3.83 (m. 1H). 3.93 (m. 2H), 4.84 (d, 
40 J =8.62 Hz. 1H). 4.91 (s. 2H). 4.99 (m, 1H). 5.13 (t. J = 5.77 Hz. 1H). 7.27 (d. J = 6.71 Hz. 2H). 7.68 (d. 
J = 6.72 Hz. 2H): MS m/e 666 (M + ). 
Anal. Calcd, for C^oHssOsSi: 
C. 72.04; H. 8.77. 
Found: C. 71.86; H. 8.91. 
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EXAMPLE 15 



50 

3.4-dihydro-6-[(2-methoxyethoxy)methoxyh2.5.7,8-tetramethyl-2-(4,8,12-trimethyltrideca-3-(E),11-trienyl)- 
2H"l-ben20pyran, [8] 

Sulfone [7] (3.644g, 5.47mmole) was dissolved in 25 ml of dry THF and cooled to about O' under 
55 nitrogen. Palladium [1.4-bis(diphenyIphosphino)butane]-chloride (165mg, 0.27mmole) was added to the THF 
solution. Lithium triethylborohydride (10.9ml (1.0M THF), 10.9 mmole) was added dropwise to the suspen- 
sion of PdCl2 dppb over a period of about 10 minutes. The yellow-tan heterogeneous mixture goes to a 
clear brown homogeneous solution upon addition of all the hydride. The mixture was stirred for about 5 
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C, 68.89: H. 9.53. 
Found: C. 68.94; H. 9.39. 



EXAMPLE 18 



Ethyl 2.6-dimethyl-8-hydroxy-2(E). 6(E)-octadi9noate. [10] 

10 

Ethyl 2,6-dimethyl-8-[tetrahydro-2H -pyran-2yl)oxy>2(E),6(E)-octadienoate (10.20g, 0.034moie) was dis- 
solved in about 300ml of absolute ethane! containing pyridlnium tosylate (700mg. 2.79mmole) and the 
mixture was heated under reflux for about 2 hours. The solution was poured into water and the ester was 
extracted into ether. The ether layers were washed with water, dried (brine, MgSO*) and concentrated in 

15 vacuo to an oil (7.1 g). The product was purified by flash chromatography (gradient 10:1 to 1:1 Hex- 
anes;Ether) to yield 980mg of an oil which contained the title compound contaminated by the less polar 2E 
,6Z isomer, followed by the all trans ester [10] (6.06g. 0.029mole, 84%) as a colorless oil which was 
Kugelrohred for analytical purposes: 
IR (film) 3420. 2994, 2944. 1715, 1280. 750 cm"*; 

20 NMR (CDCb) S 1.30 (t J = 6.5 Hz. 3H). 2.71 (s, 3H). 2.87 (s. 3H). 2.08-2.20 (m. 4H). 4.19 (m, 4H). 5.44 (t, 
J = 6.5 Hz. 1H). 6.73 (t. J = 6.5 Hz, 1H); MS m/e 213 (MH+). 
Anal. Calcd. for C12H20O3: 
C. 67.90: H, 9.50. 
Found: C. 67.85: H. 9.58. 



EXAMPLE 19 



30 

Ethyl 5-[3.4-dihydro-6-[(2-methoxyethoxy)methQxy]-2.7.8-trimethyl-2H-1-benzopyran-2-yl]-2-methyl-2(E)- 
pentenoate, [13a] 

2,3-Dimethylhydroquinone (4.183g. 0.03mole) and ester [10] (3.213g, 0.015mole) were dissolved in 

35 warm (65* ) dry dioxane (50ml) under nitrogen. Boron trifluoride etherate (0.47ml. 3,8mmole) was added and 
the mixture was stirred under nitrogen for about 3 hours at about 65* at which time TLC (3:2 
Hexanes:Et20) indicated complete reaction. The solvent was removed in vacuo and the residue was 
dissolved in ether. The ether layers were washed successively with aqueous sodium bicarbonate and 
sodium hydrosulfite, then dried (brine. MgSO*) and concentrated in vacuo to an oily solid. The residue was 

4a triturated with 3:1 (Hexanes:Et20) to remove unreacted 2.3-dimethylhydroquinone by filtration. Concentra- 
tion of the organic layers in vacuo yielded 4.93g of crude [11a] isolated as an amber oil. 

The above oil is very oxidatively unstable and was immediately dissolved in about 200ml of benzene 
containing p-toluenesulfonic acid monohydrate (SOOmg, 2.63mmoIe). The benzene solution was heated for 
about 2 hours under reflux with water removal facilitated by a Dean-Stark apparatus. The cooled benzene 

45 mixture was washed with aqueous NaHCOa. dried (brine. MgSO*) and stripped in vacuo to give crude [12a] 
isolated as a dark gum (4.86g). 

The above gum was dissolved in about 200ml of dry THF and cooled to about 5* under nitrogen. 
Sodium hydride (876mg, 50%. 18.25mmole) and 2-methoxyethoxymethyl chloride (2.0ml, 17.52mmole) 
were added to the THF solution and the mixture was stirred for about 2 hours at about 5* and then for 

50 about 1 hour at about 23* . The major portion of THF was removed in vacuo. The mixture was then poured 
into water and extracted into ether. The organic layers were dried (brine, MgSO*) and concentrated in 
vacuo to give 6.34g of a light brown oil which was purified by flash chromatography (gradient 9:1 to 6:1 
Hexanes:Ether) to give [13a] {2.66g. 6.33mmole, 42%) as a colorless oil: 

IR (film) 2994. 2950, 1715, 1483. 1247, 1243, 1100, 745 cm"'; ^H NMR (COCh) B 1.25 (s, 3H). 1.26 (t, 
55 J = 7.08 Hz, 3H), 1.58-1.80 (m, 4H). 1.81 (s, 3H). 2.08 (s. 3H). 2.11 (s. 3H). 2.30 (q. J = 8,0 Hz, 2H). 2.71 (m, 
2H), 3-38 (s, 3H). 3.56 (m, 2H), 2.81 (m. 2H), 4.15 (q, J =7.08 Hz. 2H). 5.17 (s. 2H). 6.68 (s. 1H), 6.75 (t. 
J = 7.35 Hz. 1 H): MS m/e 420 (M +). 
Anal. Calcd. for Ca+HaeOs: 
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NMR (CDCb) 5 1.17 (d, J = 4.2 Hz, 3H). 1.19 (s, 3H). 1.40-1.73 (m. 4H), 1.49 (s, 3H). 1.56 (s. 3H). 1.66 (s. 
3H). 1.90 (m. 4H), 2.07 (m. 2H). 2.05 (s. 3H). 2.10 (s. 3H). 2.21 (t. J = 11.96 Hz, 1H), 2.41 (s, 3H). 2.66 (m, 
2H), 2.83 (d, J = 13.0 Hz. 1H). 3.37 (s. 3H). 3.56 (m. 2HK 3.82 (m, 2H). 3.85 (m, 1H). 4.85 (d. J = 10.05 Hz. 
1H), 4.99 (m, 1H). 5.13 (m. 1H), 5.15 (s, 2H). 6.66 (s. 1H). 7,27 (d, J = 8.20 Hz. 2H). 7.68 (d, J = 8.1 3 Hz. 
5 2H);MSm/e652(M + ). 
Anal. Calcd. for CsaHseOcSj: 
C, 71.75: H. 8.65. 
Found: C. 71.73; H. 8.58. 



EXAMPLE 23 



IS 3.4-Dihydro-6-[(2-^Tiethoxyethoxy)niethoxy>27,S-trimethyl-2K4,8,12-trimethyitfjde^^ 
l-benzopyran, [17a] 

The procedure for the preparation of the MEM-protected gamma-tocotrienol from sulfone [16a] (3.95g» 
e.OSmmole) follows that described for MEM-protected a-tocotrienol [8]. The cmde tocotrienol was purified 
20 by flash chromatography (gradient 18:1 to 9:1 H0xanes:Et2O) to give (17a] (2.828g. 5.68mmoIe. 94%) as a 
colorless oil. A portion was Kugelrohr distilled for analysis (bath 220* /0.1mm): 
IR (film) 2950, 1482. 1450. 1103, 1065 cm'^ 

'H NMR (CDCI3) 5 1.24 (s, 3H), 1.50-1,82 (m. 4H), 1,58 (s. 9H), 1.66 (s, 3H), 1.90-2.10 (m. 10H), 2.09 (s, 
3H). 2.11 (s, 3H). 2.69 (t. J = 6.29 Hz. 2H). 3.38 (s. 3H), 3.57 (m. 2H), 3.82 (m. 2H), 3.82 (m. 2H). 5.08 (m. 
25 3H). 5.17 (s. 2H), 6.68 (s. 1H); MS m/e 498 (M + ). 
Anal. Calcd. for C32H5o04'0.04 H2O: 
C. 75.97: H, 10.13. 
Found: C. 75.90: H. 10.01. 

30 

EXAMPLE 24 



35 3.4-dihydro-2,7,8-trimethyl-2-(4,8,12-trimethyltrideca-3(E).7(E).11-trienyl)-2H-1-benzopyran-6-ol [gamma- 
tocotrienol] 

The procedure for the preparation of d,l-7-tocotrienol from the MEM-ether [17a] (2.753g, 5.53mmo!e) 

follows that described for alpha-tocotrienol. The crude tocotrienol was purified by flash chromatography 
40 (gradient 18:1 to 12:1 Hexanes:Et20) to give a sample of gamma-tocotrienol (2.13g. 5.2mmoIe, 94%) which 

smelled of sulfur. The odiferous oil was rechromatographed (gradient 16:1 to 9:1 Hexanes:Et20) to yield 

gamma-tocotrienol. 1.70g. 4.15mmole. 75%) as an odorless, pal© yellow oil which was >94% pure as 

determined by HPLC (IB-SII dl8 91:9 Acetonitrile:H20) integration: 

IR (film) 3420. 2980. 2940. 2860. 1440. 1215. 1081 cm'^ 
45 NMR (CDCI3) S 1.24 (s, 3H). 1.50-1.82 (m. 4H). 1.58 (s. 9H), 1.66 (s. 3H). 1.90-2.10 (m, 10H). 2.10 (s. 

3H). 2,11 (s. 3H), 2.66 (t. J = 6.14 Hz. 2H). 4.20 (s. 1H). 5.08 (m, 3H). 6.35 (s. IH); MS m/e 411 (MH + ). 

Anal. Calcd. for C28H*202: 

C, 81.89: H. 10.31. 

Found: C. 81.67; H, 10.14. 



EXAMPLE 25 



55 

Ethyl 5-[3.4-dihydro-6-[(2-methoxyethoxy)methoxy]-2-methyl-2H-1-benzopyran-2-yll-2-methyl-2(E)-pen- 
tenoate. [13b] 
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C. 68,55; H. 8.63. 
Found: C. 6a40; H, 9.13. 



EXAMPLE 29 



3,4'dihydro-6-[(2-methoxyethoxy)methoxy]-2'methyi'2-(5'Chloro-4'methyl-3(E)-penten 
10 [15b] 

The procedure for the preparation of allylic chloride [15b] from the alcohol [14b] (4,20g, 12mmole) 

follows that described for allylic chloride [15a]. The allylic chloride [15b] (3.1g, 8.41mmble. 70%) was 

isolated as a colorless oil: 
f 5 IR (film) 2990. 2950. 1 500. 1 230. 11 07. 1 020. 885 cm"^ ; 

'H NMR (CDCI3) 5 1.24 (s. 3H). 1.50-1.82 (m. 4H), 1.70 (s. 3H). 2.13 (q. J=7.22 Hz. 2H). 2.69 (t. J=8.46 Hz. 

2H). 3.35 (s. 3H). 3.54 (m. 2H). 3.78-(m, 2H). 3.96 {s, 2H). 5.14 (s. 2H), 5.49 (t. J =6.08. 1H). 6.62-6.80 (m. 

3H); MS m/e 368 (M + ). 

Anal. Calcd. for C2oH29CliO*: 
20 C. 65.12; H. 7.92. 

Found: C. 64.79; H. 8.12. 

EXAMPLE 30 

25 

3.4-dihydro-6-[(2-methoxyethoxy)methoxy]-2-methyl-2-[6-[(4-methylpheny[)-sulfonyl]-4.8.12- 
trlmethyltrideca3(E).7(E),1 1-trienyl]-2H-1-benzopyran. [16b] 

30 

The procedure for the preparation of sulfone [16b] from the chloride [15b] (3.0g. aUmmole) follows 
that described for sulfone [16a]. The sulfone adduct [16b] (4.50g, 7.21mnnnole, 89%) was isolated as a 
colorless oil: 

IR film) 2990. 2940.1500, 1310. 1150. 820. 770 cm'^ NMR (CDCL3) 6 1.15 (d, J<5 Hz. 3H), 1.20 (s. 3H), 
35 1.40-1.80 (m, 4H), 1.49 (s. 3H). 1.56 (s, 3H) 1,66 (s, 3H), 1.88 (m. 4H), 2.00 (m, 2H0. 2.20 (d. J = 12,15 Hz. 

1H). 2m40 (s. 3H), 2.67 (m, 2H). 2.80 (d, J = 13.0 Hz. 1H). 3.36 (s, 3H). 3.56 (m. 2H), 3.79 (m, 2H). 3.84 (m, 

1H). 4.83 (d. J = 9.87 Hz. 1H), 4.97 (m. 1H), 5,09 (m, 1H). 5.14 (s. 2H), 6.58-6.79 (m, 3H). 7.25 (d. J = 8.20 

Hz. 2H). 7.67 (d. J =8.15 Hz. 2H); MS m/e 624 (M +). 

AnaL Calcd. for C37Hs206St -0.2 H2O 
40 C, 70.72: H. 8.41. 

Found: C. 70.47; H. 8.45. 



EXAMPLE 31 



3,4-dihydro-6-[(2-methoxyethoxy)methoxy]-2-methyl-2-(4,8,12-trimethyl-trideca-3(E).7(E).11-trienyl)'2H-1- 
benzopyran(1 7b] 

50 

The procedure for the preparation of MEM-ether [17b] from the sulfone [16b] (0.4g. 6.41mmoIe) follows 
that described for MEM-ether [17a]. The MEM-ether [17b] (2.0g. 4.25 mmole. 66%) was isolated as a 
colorless oil: 

IR (film) 2990. 2940. 1500, 1225, 1110. 1025. 820 cm'^ ^H MNR (CDCU) 5 1.26 (s.3H). 1.50-1.84 (m, 4H). 
55 1.59 (s. 9H), 1,66 (s. 3H). 1,90-2.14 (m. 10H). 2,71 (t. J = 6.7 Hz. 2H), 3.37 (s, 3H). 3.56 (m, 2H). 3.81 {m, 
2H), 5.09 (m. 3H). 5.16 (s, 2H), 6.63-6.81 (m, 3H); MS m/e 470 (M +). 
Anal. Calcd. for CsoH^sO*: 
C. 76-55: H. 9.85. 
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EXAMPLE 35 



5 3.4 Dihydro-27.8-trimethyl'2-<4.8,12-trimethyl 3(E),7(E).11-tridecatrienyl)-2H-1-Benzopyran-6-YI 
Butanedioate. 

A mixture of gamma-tocotrienol (700 mg, 1.71 mmole). succinic anhydride (190 mg, 1.88 mmole) and 
pyridine (203 mg. 2.6 mmole) were stirred in dry CH2CI2 (10 mL) for about 15 hours at about 23* C. The 

70 mixture was poured into IN HCI and the organic layers were separated, dried (MgSO*) and concentrated in 
vacuo. The crude material"was purified by flash chromatography (gradient 5:1 to 5:2 hexanesiether) to yield 
the succinate ester as a colorless oil (500 mg, 0.98 mmole. 57% yield): IR (film) 2650 (broad) 1760. 1725, 
1440. 1380. 1150. 910. 740 cm'^ NMR (CDCI3) S 1.24 s. 3H). 1.58 (s. 9H). 1.66 (s, 3H), 1.70-1.80 (m. 
4H). 1.90-2.13 (m. 10H). 1.99 (s, 3H). 2.08 (s. 3H), 2.68 (m. 2H). 2.78 (m. 2H), 2.86 (m. 2H). 5.08 (m. 3H). 

75 6.54(s, 1H); MSm/e511 (M*). 
Anal. Calcd. for C32H46OS: 
C. 75.26: H. 9.08. 
Found: C. 75.23: H. 9.13. 

20 

Claims 

1. The use of substantially pure gamma-tocotrienol. substantially pure delta-tocotrienol, substantially pure 
tocotrienol, or mixtures thereof, for preparing a pharmaceutical composition for lowering the serum 

25 cholesterol levels in a bird or a mammal. 

2. The use substantially pure gamma-tocotrienol, substantially pure delta-tocotrienol, substantially pure 
tocotrienol. or mixtures thereof, for preparing a pharmaceutical composition for lowering the serum LDL- 
cholesterol levels in a bird or a mammal. 

3. The use of substantially pure gamma-tocotrienol, substantially pure delta-tocotrienol, substantially pure 
30 tocotrienol, or mixtures thereof, for preparing a pharmaceutical composition for reducing, in a bird or a 

mammal, the platelet aggregation to ADP, EPI and Collagen in platelet rich plasma and whole blood. 

4. The use of substantially pure gamma-tocotrienol. substantially pure delta-tocotrienol, substantially pure 
tocotrienol. or mixtures thereof, for preparing a pharmaceutical composition for reducing, in a bird or a 
mammal. TXA2 and platelet factor 4 levels providing antithrombotic effectiveness. 

35 5. The use of a prodrug of gamma-tocotrienol. delta-tocotrienol, or tocotrienol, or mixtures thereof, for 
preparing a pharmaceutical composition for lowering the serum cholesterol levels in a bird or a mammal. 
6. The use of a prodrug of gamma-tocotrienol. delta-tocotrienol. or tocotrienol. or mixtures thereof, for 
preparing a pharmaceutical composition for lowering the serum LDL-cholesterol levels in a bird or a 
mammal. 

40 7. The use of a prodrug of gamma-tocotrienol. delta-tocotrienol. or tocotrienol, or mixtures thereof, for 
preparing a pharmaceutical composition for reducing, in a bird or a mammal, the platelet aggregation to 
ADP. EPI and Collagen in platelet rich plasma and whole blood. 

8. The use of a prodrug of gamma-tocotrienol, delta-tocotrienol, or tocotrienol. or mixtures thereof, for 
preparing a pharmaceutical composition for reducing, in a bird or a mammal. TXA2 and platelet factor 4 

45 levels providing antithrombotic effectiveness. 

9. The use of anyone of claims 1 to 8 wherein the tocotrienol is the d-isomer. 

10. The use of anyone of claims 1 to 8 wherein the tocotrienol is the d, I racemic mixture. 

11. A pharmaceutical composition comprising a safe and effective amount of substantially pure gamma- 
tocotrienol. substantially pure delta-tocotrienol. substantially pure tocotrienol or prodrugs thereof and a 

50 pharmaceutical acceptable carrier. 

1 2. The pharmaceutical composition of claim 1 1 wherein the tocotrienol is the d-isomer. 

13. The pharmaceutical composition of claim 11 wherein the tocotrienol is the d.l-racemic mixture. 
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Figure oL 




<a) C,H», A ;<b) fllHj, El,0, -5 C ;<c) NCS, rte,S, CHjClj, -5 C; <d) 
THF/HnPR, -78 C ;<e) PdCUrdppb, LiEl,BH, THF, -20 C !<f) CjH.SjBCl, 
CHjClj, -20 C. 
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@ This invention relates to the use of tocotrienol, 
gamma-tocotrienol and delta-tocotrlenol In reducing 
hypercholesterolemia, hyperlipidemia and throm- 
boembolic disorders in mammals. The isolation of 
these tocotrienols from natural sources and their 
chemical synthesis is disclosed. The present inven- 
tion also relates to prodrugs and pharmaceutical 
compositions of gamma-tocotrienol, delta-tocotrienol 
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